Abstract-Jute textile is made from natural fibres and is known for its strength and durability. To determine if jute could be used as a substrate for microstrip antennas, its electromagnetic characteristics (permittivity and loss tangent) are measured in the band of 1 GHz to 5 GHz. The obtained data are used to compare the performances of a simple rectangular patch antenna resonating at 2.45 GHz on jute with others using different textiles as a substrate. Comparing the simulation results gives an idea of using jute as a substrate for microstrip antennas. In the second part of this paper, a truncated patch antenna on jute is studied to be used for wireless power transmission at 2.45 GHz. The antenna was simulated and then fabricated. The measured reflection shows a shift in the resonance frequency compared to the simulated one. The frequency shift is explained, and a solution is proposed to correct it; a second antenna was fabricated and measured.
INTRODUCTION
Microwave applications are used in different areas and technology advancement gives us the possibility to make new and interesting devices. Many of the applications work in the proximity of the human body to enhance the quality of life [1] , [2] . In [3] , the authors made a taxonomy of electronic applications on the human body: Body sensor network (BSN), body area network (BAN), wireless body area network (WBAN) [4] . They are used for medical, military and emergency applications, wireless power transmission (WPT) and radio frequency identification (RFID). The devices could be implanted directly into the human body or could be wearable using textile as substrate. In the last years, many antennas have used textile materials as a substrate such as cotton [5] , denim [6] and polyester [7] . Every material has its own characteristics which affect the performance of the antennas when they are used as substrate. There are textiles made of natural fibers (cotton, wool) and others made of synthetic materials (polyester, plastic, rubber) [8] , [9] . In recent years, using textile as substrate has been used in many microwave applications [10] . In this study, the characteristics of jute are measured in the frequency band [1, 5] GHz. This textile is interesting because it's made from natural fibers, so it's environmentally friendly. It's also known for its strength and durability. After measuring the characteristics of jute, its permittivity and tangential losses were compared to ones of other textiles at the frequency 2.45 GHz, the different values are used to simulate a rectangular patch antenna resonating at the same frequency. The comparative study is made to define if jute could be used as a substrate for microstrip antennas. Jute is used for the fabrication of clothes and carrying bags that are used for product transport. Therefore, we thought about using jute as substrate to make applications such as WPT or RFID to facilitate the management of storage and transportation of products. In general, textile antennas are related to mobility where a circular polarization is preferred. A truncated patch antenna that easily gives a circular polarization is studied using jute as substrate. The antenna was simulated and optimized to resonate at 2.45 GHz. The measurement of the fabricated antenna shows a shift in the resonance frequency. This frequency shift is explained, and a correction method is then proposed.
II. MEASUREMENT OF JUTE CHARACTERISTICS
For the measurement of dielectric characteristics, there are two main methods: the non-resonant methods [11] and the resonant methods [12] . The non-resonant methods are based on reflection or reflection/transmission. In the first case (reflection), the permittivity value is given by the information extracted of the reflected electromagnetic wave from free space to the sample. In the second case (reflection/transmission), we use both information of reflection from the substrate and transmission through it to extract the proprieties of the dielectric. The resonance methods are based on the principle that the resonant frequency and the quality factor (Q-factor) of a dielectric resonator with specified dimensions are determined by its permittivity and permeability. Using the resonance perturbation method, the complex permittivity of the measured sample can be extracted. In fact, using a rectangular or circular resonator, its resonant frequency and Q-factor are calculated. Then, the sample is introduced inside the resonator, the resonance frequency and the Q-factor are measured. The frequency shift and the change of the Q-factor give the complex permittivity of the sample using resonanceperturbation theory. The advantage of this method is the narrow band of the cavity resonator, so it is sensitive to perturbations. It also handles high fields which give a substantial variation of the signal even for a small change in permittivity. A new resonance method proposed by S. Sankaralingam is based on a rectangular patch antenna [13] , [14] . This method consists of simulating a rectangular patch antenna using an approximate value of permittivity. The antenna is then fabricated, and the resonance frequency is www.ijacsa.thesai.org measured. The value of this frequency gives the effective permittivity of the substrate using the theory of patch antennas [15] .
Jute is a textile made of natural fibers [16] . Fig. 1 shows a photo of a sample of jute; it's filled with air, so a low value of permittivity is expected. The thickness of the sample is 0.5 mm.
For the measurement of permittivity and loss tangent, E4991A RF impedance/material analyzer from Agilent Technologies and the dielectric fixture from Novocontrol Technologies are used to measure the permittivity and loss tangent of the sample. Fig. 2 and 3 show the measured permittivity and loss tangent of the jute between 1 and 5 GHz, respectively. The permittivity doesn't vary much in the band of measurement, it's between 1.69 and 1.91. This low value of permittivity is expected because jute is filled with air as shown in Fig. 1 . However, the loss tangent increases with the frequency, it varies between 0.025 and 0.157. The values of loss tangent are relatively high compared to other substrates or even other textiles. For this reason, a comparative study based on simulation is made to evaluate the performance of an antenna on jute compared to other textiles.
III.
COMPARATIVE STUDY OF A SIMPLE PATCH ANTENNA USING JUTE AND OTHER TEXTILES AS SUBSTRATE At the frequency fr = 2.45 GHz, the jute's permittivity is 1.87. In [17] , a width -w‖ that gives a resonant patch at the frequency fr is given by (1) .
The finite dimensions of the patch will introduce a phenomenon called fringing effect. It is as if the patch was done on a substrate with a different permittivity called effective permittivity . In the case w/h>1 where h is the height of the substrate, is given by (2) [18] .
(2) The fringing effect makes the electrical dimensions of the patch different from its physical ones. The electrical length is equal to the physical length adding ΔL in each side. Reference [19] gives an approximate value of ΔL described by (3).
So, Leff =L+2*ΔL, we can deduce the actual length of the patch using (4).
In this section, a simple patch antenna resonating at 2.45 GHz is simulated using different textile substrates to compare jute with natural textiles (cotton, Denim) and with synthetic textiles (Polyester, Cordura). Table I shows the characteristics (permittivity and loss tangent) of each textile at 2.45 GHz [20] . The width (w) and length (L) of the patch depend on the permittivity value of the substrate as are given by (1) and (4). Different antennas are simulated and optimized using CST Microwave Studio. The same height of 1.5 mm is for all the textiles, so the comparison of the performance is based only on electromagnetic characteristics. Table II exhibits the performance of a patch antenna made on jute compared to others made on different textiles resonating at the same frequency 2.45 GHz. The effect of the permittivity and tan δ values is shown by the given results. When permittivity increases, the patch surface is reduced as explained in equation (1) , but the radiation efficiency Qr decreases. When the tan δ increases, the gain is reduced, and the bandwidth is enlarged. Table II shows that the performances of antennas made of www.ijacsa.thesai.org synthetic textiles are much better than those made of natural textiles in terms of gain and efficiency. This is due to the low value of their tan δ. Comparing the performance of the patch antenna made of jute with that made of cotton and denim, we notice that the jute patch is the most compact because of its higher permittivity at 2.45 GHz; it has the largest bandwidth and its angular width at -3 dB is slightly larger, but its gain is lower due to the high value of tang δ. This low value of gain could be a problem for some applications that need high power or deal with long distances. The results given in Table II are  correlated to the data given in Table I . At the resonance frequency 2.45 GHz, all the antennas are well matched and the bandwidth ( ) increases with the permittivity and the loss tangent values. This can be explained by the relation where is the quality factor [21] . For wireless power transmission, a circular polarization is preferred to reduce losses due to polarization mismatch. The truncated patch antenna is a simple structure that easily gives a circular polarization [22] , [23] . The dimension and the direction of the truncations are responsible for axial ratio variation and then the polarization. CST MWS software is used for simulation and optimization. The antenna is simulated using one layer of jute and the gain was very low because of the high value of tan δ and the low thickness of the substrate. The low thickness of jute does not allow a constructive superposition of the wave 2.45 GHz. For this reason, the antenna is simulated using different numbers of layers. Table  III shows the gain of the simulated antenna for each number of layers. The gain increases with the number of layers. Using six layers (3mm) gives good simulated gain, but the choice is fixed to use only three layers (1.5mm). This choice is made for comfort reasons, as the structure will be used near the human body (on clothes), it is preferred to reduce the thickness of the antenna as possible. The choice is a compromise between the gain and the comfort. The dimensions (in mm) of the optimized antenna using three layers of jute are represented in Fig. 4 . Fig . 5 to 8 show the simulated results of the reflection coefficient, the radiation pattern in E-plan, the radiation pattern in H-plan and the axial ratio, respectively. At 2.45 GHz S11= -30 dB, the antenna is well adapted. From Fig. 6 , we can notice a small deviation in the radiation pattern; the main lobe magnitude is at 5°, the angular width is 75°. For many applications, an antenna is considered circularly polarized when its axial ratio is less than 5 dB. Fig. 8 shows the axial ration of the truncated patch antenna on jute, the antenna is circularly polarized from Theta= -110° to Theta= 62°.
We can say that the antenna is circularly polarized when there is a maximum of radiation. The maximum gain is 1.89 dB. The characteristics of the antenna are suitable for WPT. The antenna was fabricated and then measured. When measuring the reflection coefficient, a shift in the resonance frequency is noticed. The measured resonance frequency is 2.8 GHz instead of 2.44 GHz in the simulation. This frequency shift could be explained using three layers. The use of multiple layers induces an air gap between every two layers that reduces the global permittivity of the substrate. In the next section, a method is proposed to find the global permittivity of three layers of jute and correct the frequency shift.
V. FREQUENCY SHIFT CORRECTION FOR TRUNCATED PATCH ON THREE LAYERS OF JUTE
A frequency shift is noticed between the simulated and measured results that can be explained by the air gap between the layers. This air gap will reduce the permittivity of the global substrate, the three layers of jute will be considered as a substrate having a lower permittivity than measured for jute. To find the global permittivity, a solution is then proposed. This is to simulate the antenna by decreasing the permittivity value of the substrate until getting a resonating frequency at 2.8 GHz. After optimizations, we got a resonance at 2.81 GHz for a permittivity value Ԑ 1 =1.31. This value will be considered as the permittivity of three layers of jute. Using this value, the antenna is optimized to resonate at 2.45 GHz. Fig. 9 shows the dimensions in mm of the antenna. The antenna was then fabricated and measured. Fig. 10 shows the fabricated antenna under measure. Fig. 11 shows the simulated and measured reflection coefficient. A good agreement is then observed. The proposed method of correction is efficient and the effective permittivity of three layers of jute is 1.31 at 2.45 GHz. The permittivity of jute is measured from 1 to 5 GHz, but these values could be considered only for one layer. Using more layers will reduce the global permittivity and then will induce errors in calculations and simulations. This variation of permittivity concerns all textiles and must be considered when using more than one layer.
VI. CONCLUSION
In this paper, the electromagnetic characteristics of jute are measured to find if it's suitable for WPT and other microwave applications. The measured results were compared to those of other textiles at the frequency 2.45 GHz. The loss tangent of jute is relatively high. Therefore, a simple patch antenna made on natural and synthetic textiles including jute were simulated to compare their performances. Antennas made on synthetic textiles have better gain due to their low tan δ. Comparing performances of jute and other textiles made of natural fibres, jute has a compact size and a large bandwidth, but its gain is very low. Antennas with circular polarization are very important for WPT and wearable microwave applications. A truncated patch antenna resonating at 2.45 GHz using three layers of jute is designed. The simulated antenna presents the required characteristics for WPT. The measurement of the reflection coefficient shows a shift in the resonance frequency compared to the simulated one due to the use of multiple layers. In fact, using more than one layer, induce more air and then reduce the global permittivity value. To correct this shift, the value of permittivity was changed on the simulated antenna until getting a resonance in the same frequency as the measured one. The obtained permittivity is considered as the global permittivity of three layers of jute. Using this value, we designed another antenna. The simulated and measured results have a good agreement proving the efficiency of the proposed method of correction. Based on the obtained results, we can confirm that jute is a good substrate for WPT and wearable microwave applications.
